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(54) Tire configuration judging device and tire classifying method using the same 



(57) A tire configuration judging device according to 
the present invention connp rises a light projecting (emit- 
ting) device, a photographing device, and a control de- 
vice. The light projecting device irradiates slit light onto 
a bead portion of a tire. The photographing device pho- 
tographs a slit image which is formed on the tire. The 
control device forms an Image to be judged which rep- 



resents an external configuration of the bead portbn of 
the tire, by applying a 2-D coordinate conversion to im- 
age data for the slit image which is photographed by the 
photographing device. The image to be judged and a 
predetermined reference Image are compared to each 
other by a comparing device such that quality of the tire 
is judged, and the tire Is classified as a normal tire or an 
abnormal tire according to results of comparison. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a tire configu- 
ration judging device and a tire classifying method using 
the same, and more specifically to a tire configuration 
judging device which judges the quality of a tire by me- 
chanically detecting the configurations of the bead por- 
tions or the like of the tire and to a tire classifying method 
in which a tire whose quality has been judged is classi- 
fied as a nonmal tire or an abnormal tire. 

Description of the Related Art 

[0002] Conventionally, after the completion of the 
manufacturing of a tire, it is judged whether the pro- 
duced tire (which will be called only a° tire" hereinafter) 
is suitable as a structural part of a vehicle, i.e.. it is 
judged whether the tire is a normal tire or an abnormal 
tire. At this time, an operator determines the configura- 
tions of tires and judges their quality by observing and 
touching the tires one by one. 

[0003] However, conventionally, the determination of 
the configuration of a tire and the judgment on the quality 
thereof have relied on manual work by an operator. For 
this reason, there arises the problem that the results of 
the judgment on the quality of a tire may vary depending 
upon how much the operator is experienced or the like. 
[0004] Further, in the determination of the configura- 
tion of a tire, the operator determines the configuration 
of certain portions of the tire by rotating or turning over 
the tire. For this reason, when it comes to a tire having 
a large size or a heavy weight, it is an extremely hard 
work for the operator to handle such tire. In addition, 
since the judging of the quality of tires requires much 
concentration on the part of the operator, in a case In 
which such work must be continued for a prolonged 
time, there arises a problem in that the operator suffers 
from physical or mental fatigue. 

SUMMARY OF THE INVENTION 

[0005] The present invention is suggested in order to 
overcome the above-described problems, and it is an 
object of the present invention to provide a tire configu- 
ration judging device in which the quality of a tire can be 
judged more simply and accurately than conventionally, 
and a method of correctly classifying a tire in accord- 
ance with the judgment on its quality which has been 
carried out by this device. 

[0006] In order to achieve the aforementioned ob- 
jects, in accordance with the first aspect of the present 
invention, there is provided a tire configuration judging 
device, comprising: light irradiating means which irradi- 
ates slit light onto a predetermined range of a tire sur- 



face, whose configuration is to be detected, of a tire; 
photographing means which is disposed at a predeter- 
mined position corresponding to the light irradiating 
means and which photographs a slit image formed on 

5 the tire surface by irradiation of the slit light by the light 
irradiating means; configuration detecting means which 
detects the configuration of the tire surface whose con- 
figuration is to be detected, on the basis of the slit image 
which Is photographed by the photographing means; 

10 comparing means which compares the configuration 
which is detected by the configuration delecting means 
to a predetermined reference configuration; and judging 
means which judges the quality of the tire on the basis 
of the results of the comparison by the comparing 

15 means. 

[0007] In accordance with the first aspect of the 
present invention, the light irradiating means which irra- 
diates slit light onto the tire is provided at the tire con- 
figuration judging device. The light irradiating means ir- 

20 radiates the slit light within a predetermined range of the 
tire surface whose configuration is to be detected. The 
portion of the tire, whose surface configuration is to be 
detected, may be a bead portion, a tread portion or the 
like. In a case in which, for example, the tire surface at 

2S the bead portion is used as the surface whose configu- 
ration is to be detected, the slit light is irradiated onto 
the bead portion. 

[0008] The tire configuration judging device has a 
photographing means which photographs a slit image 

30 which is formed on the tire by the slit light being irradi- 
ated onto the tire. The photographing means is disposed 
at a predetermined position that corresponds to the po- 
sition of the light irradiating means. For example, a CCD 
camera may be used as the photographing means. 

35 [0009] Further, the tire configuration judging device 
has a configuration detecting means which detects the 
configuration of a tire surface to be detected. The con- 
figuration detecting means detects the configuration of 
the tire by geometrically applying a two dimensional co- 

"^0 ordinate conversion or the like to imaige data obtained 
by the photographing of the slit image of the tire by the 
photographing means, on the basis of the positional re- 
lationship between the angle at which the slit light is ir- 
radiated by the light in-adiating means and the angle at 

45 which the slit image Is photographed by the photograph- 
ing means. 

[0010] In a normal tire, the configuration of the tire sur- 
face which is to be delected is predetermined (the pre- 
determined configuration is referred to as a reference 

50 configuration). 

Therefore, the comparing means which is provided at 
the tire configuration judging device compares the tire 
configuration which is detected by the configuration de- 
tecting means with the predetermined reference config- 

55 uration for that tire type. In short, the geometrical differ- 
ence between the detected tire configuration and the 
reference configuration is measured. 
[0011] On the basis of the results of the comparison 



2 



BNSDOCID: <EP 



091S3?BA2 I > 




EPO 



by the comparing means, the judging means judges the 
quality of the tire. When the detected tire configuration 
and the reference configuration con'espond to each oth- 
er (1.8., when the difference is within a tolerance), the 
examined tire is judged to be nonnal. On the other hand, 
when the detected tire configuration and the reference 
conftguratbn do not correspond to each other (i.e.. 
when the magnitude of the difference exceeds the tol- 
erance), the examined tire is judged to be abnormal. 
[0012] As described above, a quantitative criterion is 
predetermined as a reference so that the judgment on 
the quality of the tire can be carried out mechanically. 
Accordingly, not only can a reliable judgment always be 
obtained, but also, the amount of labor by the operator 
can be greatly reduced. As a result, the quality of the 
tire can be judged much more simply and accurately 
than by a conventional method. 
[0013] in accordance with the second aspect of the 
presenllnventlon, there is provided a tire configuration 
judging device according to the first aspect of the 
present invention, further comprising: rotation means 
which rotates, in a circumferential direction of the tire, 
the light irradiating means, the photographing means, 
and the tire relative to one another, such that the entire 
tire surface whose configuration is to be detected can 
be irradiated by the light irradiating means and photo- 
graphed by the photographing means, to thereby obtain 
the configuration of the entire tire surface. 
[0014] The rotation means can be structured such 
that, for example, the light irradiating means and the 
photographing means are fixed at predetermined posi- 
tions, and the tire is placed on a rotation plate and is 
rotated in the circumferential direction thereof. Alterna- 
tively, the tire can be fixed at a predetermined position, 
and the light irradiating means and the photographing 
means are rotated in the circumferential direction of the 
tire. 

[0015] Accordingly, the detection of the surface con- 
figuration over the entire circumferential region of the 
tire surface whose configuration is to be detected can 
be achieved without requiring manual rotation of the tire 
by the operator. As a result, the amount of labor by the 
operator is reduced, and the quality of the tire can be 
judged easily. 

[0016] In accordance with the third aspect of the 
present invention, there is provided a tire classifying 
method, comprising: a tire type judging step In which a 
type of a tire is judged; a quality judging step In which a 
tire surface whose configuration is to be detected is ex- 
amined along a circumferential direction of the tire to 
detect the configuration of the tire surface, the detected 
configuration is compared to a predetennined reference 
configuration corresponding to the type of the tire which 
has been judged in the tire type judging step, and the 
quality of the tire surface is judged according to the re- 
sults of the comparison; and a classifying step in which 
the tire is classified as a normal or abnormal tire on the 
basis of the results of the judgment in the quality judging 
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step. 

[0017] In the above-described tire classifying method, 
the type of a tire is determined in the tire type judging 
step while the tire Is being conveyed on a predetermined 

5 conveying path. The type of the tire is determined by the 
width or the wheel diameter of the tire which is indicated, 
for example, in relief on a sidewall portion of the tire. 
Accordingly, in the tire type judging step, the tire type 
can be judged by reading the indications formed in relief 

10 on the tire. 

[0018] In the quality judging step, the quality of a tire 
is judged by detecting, in the circumferential direction of 
the tire, the configuration of a tire surface whose config- 
uration is to be detected. Further, the quality judging 

IS step, by using the tire configuration judging device ac- 
cording to the first aspect of the present Invention, the 
configuration of the tire surface whose configuration Is 
to be detected Is detected, and the quality of the tire Is 
Judged on the basis of the detected configuration. 

so Namely, the quality of the tire is judged by comparing 
the detected configuration to the reference configuration 
which corresponds to the type of the tire which has been 
judged in the tire type judging step. 
[0019] In this quality judging step, in a case in which 

25 a surface whose configuration is to be detected is each 
of the side surfaces of the tire (e.g., the bead portions), 
the tire is turned over after the configuration of one of 
the surfaces has been detected, and the configuration 
of the other surface is detected. As a result, the quality 

30 of both tire surfaces is judged. 

P020] Further, the above-described tire configuration 
judging device may be disposed at each side of the tire 
so that the configurations of both surfaces of the tire can 
be detected at the same time, to judge the quality of the 

35 tire. As a result, the step in which the tire is turned over 
can be omitted, 

[0021] Moreover, in the tire classifying step, a tire is 
classified on the basis of the results of judgment of the 
quality judging step. As a result, a manufactured tire, 
40 after having been manufactured, can be easily classified 
as a normal tire or an abnormal tire. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 [0022] Rg. 1 is a schematic overall stoictural view of 
a tire classifying process system having a configuration 
judging device according to the present invention. 
[0023] Fig. 2 is a schematic perspective view of the 
structure of the configuration judging device, and a tire. 

so [0024] Fig. 3 is a flowchart which illustrates a control 
routine of the tire classifying process system. 
[0025] Fig. 4 is a flowchart which illustrates a top sur- 
face configuration judging routine in the configuration 
judging device. 

ss [0026] Fig. 5 is a flowchart which illustrates a rear sur- 
face configuration judging routine in the configuration 
judging device. 

[0027] Fig. 6 is a schematic view which illustrates a 
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process at a top surface quality judging section or a rear 
surface quality judging section of the tire classifying 
process system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0028] Fig. 1 illustrates a tire classifying process sys- 
tem 14 having configuration judging devices 1 0 for judg- 
ing the quality of a tire 12 (whether the tire 1 2 is normal 
or abnormal) by detecting the configuration of the tire 
12. Further, in the present embodiment, there is ex- 
plained a case in which the extemal configurations of 
bead portions 1 2A of the tire 1 2 are detected, it is judged 
whether the tire 12 is normal or abnormal on the basis 
of the detected extemal configurations of the bead por- 
tions 12A, and the tire 12 is then classified as normal or 
abnormal. 

[0029] As shown in Fig. 1 . in the tire classifying proc- 
ess system 14, a plurality of rollers 32 are disposed 
along the conveying direction (the direction of arrow A) 
of the tire 12. A motor which is not shown is connected 
to each of the rollers 32. 

When the motor is rotated, each of the rollers 32 is ro- 
tated in the same direction (the direction of arrow C). 
Accordingly, the tire 1 2 is conveyed automatically in the 
direction of arrow A. 

[0030] I n the tire classifying process system 1 4. a tire 
type reading section 16. a top surface quality judging 
section 18. a tire turn-over section 20, a rear surface 
quality judging section 22. and a tire classifying section 
24 are disposed sequentially in the conveying direction 
of the tire 12. In the present embodiment, the one side 
of the tire 12, on which side is formed an indication por- 
tion on which the type of the tire 1 2 is indicated in relief, 
is referred to as the top surface of the tire 1 2. The other 
side of the tire 12, on which side no indication portion Is 
formed, is referred to as the rear surface of the tire 12. 
Accordingly, at the top surface quality judging section 
1 8, the quality of the tire 1 2 is judged on the basis of the 
external configuration of the bead portion 1 2A at the top 
surface side of the tire 12. At the rear surface quality 
judging section 22, the quality of the tire 12 Is judged on 
the basis of the external configuration of the bead por- 
tion 12A at the rear surface side of the tire 12. 
[0031] An indication reading device 26 which reads 
an unillustrated indication portion of the tire is disposed 
at the tire type reading section 1 6. The indication portion 
is formed on the aforementioned top surface sidewail 
portion of the tire 12. The tread width, the wheel diam- 
eter and the like of the tire 1 2 are recorded in a carved 
relief on the indication portion. The indication reading 
device 26 reads this indiciation portion. Therefore, the 
type of the tire 12 which is now to be examined can be 
determined. 

[0032] Further, when the type of the tire is indicated 
by using a bar code, it is preferable to provide a bar code 
sensor at the tire type reading section 16. 
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[0033] The configuration judging device 10, a pair of 
push-off devices 34, and a rotation plate 28 are provided 
at the top surface quality judging section 18. 
[0034] The rotation plate 28 is disposed In such a 

s manner that the surface of the rotation plate 28 on which 
the tire 1 2 is placed is disposed parallel to the aforemen- 
tioned plurality of rollers 32. Accordingly, the tire 12. 
which is conveyed by the rollers 32 being rotated, is 
placed on the rotation plate 28. Further, the rotation 

10 plate 28 is disposed so as to be rotatable in the circum- 
ferential direction (in the direction of arrow B) of the tire 
12. Moreover, in the vicinity of the rotation plate 28, a 
pulse generating device 36 for detecting the state of ro- 
tation of the rotation plate 28 is disposed. By counting 

IS the number of pulse signals which are output during one 
rotation of the rotation plate 28, it can be judged whether 
the judgment on the quality of the surface ol the tire 12 
has been completed. 

[0035] The configuration judging device 10 is dis- 

?o posed at a position opposed to the rotation plate 28 such 
that the tire 1 2 which has been conveyed to the top sur- 
face quality judging section 18 is located between the 
configuration judging device 10 and the rotation plate 
28. This configuration judging device 10 detects the ex- 

?s ternal configuration of the top surface bead portion 1 2A 
of the tire 1 2 and judges the quality of the tire 1 2 on the 
basis of the detected external configuration. Later on, a 
more detailed description of the configuration judging 
device 10 will be given. 

30 [0036] The pair of the push-off devices 34 are provid- 
ed between the configuration judging device 1 0 and the 
rotation plate 28 and are disposed at positions where 
the push-off devices 34 can both contact the tire 1 2 dur- 
ing operation. The pair of the push-off devices 34 are 

35 operated when the judgment of the quality of the tire 1 2 
by the configuration judging device 1 0 is completed, and 
push the tire 1 2 off the rotation plate 28. 
[0037] The tire turn-over section 20 is provided at a 
downstream side in the conveying direction of the tire 

40 1 2 with respect to the top surface quality judging section 
18. A substantially U-shaped tire holding member 30 
having a recessed portion into which the tire 1 2 Is insert- 
ed is disposed at the tire turn-over section 20. When the 
tire 12 Is inserted into the recessed portion of the tire 

45 holding member 30, the tire holding member 30 Is op- 
erated by the driving force of a motor (not shown) and 
is rotated 180° around a point on the conveying path of 
the lire 12. As a result, the tire 12 is turned over at the 
tire tum-over section 20. Namely, the tire 12 whose top 

50 surface was facing the configuration judging device 10 
is turned over, and the rear surface of the tire 1 2 thereby 
faces the configuration judging device 10. 
[0038] The configuration judging device 10. the pair 
of the push-off devices 34, and the rotation plate 28 are 

55 provided at the rear surface quality judging section 22. 
In the rear surface quality judging section 22, the con- 
figuration judging device 10 detects the external config- . 
uration of the rear surface bead portion 12A of the tire 
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12, and judges the quality of the tire 12 on the basis of 
the detected external configuration. Since the structure 
of the rear surface quality judging section 22 is substan- 
tially the same as that of the abave*described top sur- 
face quality judging section 18, description thereof will 
be omitted. 

[0030] The tire classifying section 24 classifies the tire 
12 as a normal tire or an abnormal tire on the basis of 
the resulting judgments at the above-described top sur- 
face quality judging section 18 and rear surface quality 
judging section 22. 

[0040] Hereinafter, a more detailed description of the 
configuration judging devices 1 0 which are provided at 
the top surface quality judging section 18 and the rear 
surface quality judging section 22 will be given. 
[0041] As shown In Fig. 2, the internal devices of the 
configuration judging device 10 are housed In a sub- 
stantially rectangular paralleipiped casing 40 and are 
thereby protected. A light projecting device 42, a photo- 
graphing device 44, and a control device 46 are accom- 
modated in the casing 40. A light emission window and 
a photography window (which are not shown) are 
formed at the surface of the casing, which surface faces 
the tire 1 2. The light emission window allows slit light 48 
which is emitted from the light projecting device 42 to 
proceed to the exterior of the casing 40. The photogra- 
phy window is formed such that a slit image 38. which 
Is formed on the tire 1 2 by the slit light 48 being irradiated 
onto the tire 12. can be photographed through the pho- 
tography window. 

[0042] The light projecting device 42 comprises a 
semiconductor laser as a light source, a collimator lens 
which is structured by a spherical lens for converging 
laser beams, and a cylindrical lens for diverging the con- 
verged beam in a single direction. 
Accordingly, the slit light 48 is emitted from the light pro- 
jecting device 42, and the emitted slit light 48 is irradi- 
ated onto the bead portion 1 2A of the tire 12 through the 
light emission window of the casing 40. 
[0043] The photographing device 44, for example, a 
CCD camera photographs the slit image 38 which Is 
formed on the tire 1 2 by the irradiation of the slit light 48 
emitted from the light projecting device 42. This photo- 
graphing device 44 is connected to the control device 
46. Accordingly, image data of the slit image 38 which 
has been photographed by the Image photographing 
device 44. i.e., image data of the external configuration 
of the bead portion 1 2A of the tire 1 2, is outputted to the 
control device 46. 

[0044] The control device 46 is formed by an unillus- 
trated microcomputer which is structured by a CPU, a 
ROM. a RAM and an I/O port for inputting or outputting 
to or from extemal devices. Atop surface configuration 
judging routine which is shown in Fig. 4 and a rear sur- 
face configuration judging routine which is shown in Fig. 
5 are stored in advance in the control device 46. I^ore 
specifically, the top surface configuration judging routine 
which is shown in Fig. 4 is stored in advance in the con- 



5 328 A2 




trol device 46 of the configuration judging device 10 
which is disposed at the top surface quality judging sec- 
tion 18. The rear surface configuration judging routine 
which is shown in Fig. 5 is stored in advance in the con- 

s trol device 46 of the configuration judging device 10 
which is disposed at the rear surface quality judging sec- 
tion 22. In short, the control device 46 receives informa- 
tion on the detected external configuration of the bead 
portion 12A of the tire 12 and judges the quality of the 

10 tire 12 on the basis of the detected extemal configura- 
tion. 

[0045] Next, operation of the present embodiment will 
be described with reference to a control routine which 
is shown In Fig. 3. a top surface configuration judging 

f 5 routine which is shown in Fig. 4, and a rear surface con- 
figuration judging routine which is shown in Fig. 5. The 
control routine which is shown in Fig. 3 is stored In ad- 
vance in an unillustrated controlling apparatus which 
controls the tire classifying process system 14. Further, 

20 the lop surface configuration judging routine which is 
shown in Fig. 4 is stored in the control device 46 of the 
configuration judging device 1 0 at the top surface quality 
judging section 18. The rear surface configuration judg- 
ing routine which is shown in Fig. 5 is stored in the con- 

25 trol device 46 of the configuration judging device 10 at 
the rear surface quality judging section 22. Further, main 
processes of the aforementioned routines are exempli- 
fied by graphics in Fig. 6. The capital letter "S" in front 
of reference numerals in Fig. 6 stands for "Steps", i.e., 

30 the steps in the routines. 

[0046] When it is delected that a tire 1 2 has been in- 
serted into a tire insert opening (which is disposed at the 
right side in Fig. 1 ), in the tire classifying process system 
1 4, the plurality of rollers 32 are driven by the motor (not 

35 shown) and rotated in the direction of arrow C. Accord- 
ingly, the tire 12 is automatically conveyed in the direc- 
tion of arrow A. When the conveying of the tire 12 is 
started In this way, the control routine which Is shown in 
Fig. 3 Is executed. 

-«> [0047] In step 100. it is judged whether the tire 12 has 
reached the tire type reading section 16. More specifi- 
cally, it is judged whether the indication portion on a 
sidewall portion of the tire 12 has reached the reading 
position below the Indication reading device 26. The 

45 presence of the tire 1 2 at the reading position below the 
Indication reading device 26 is detected by a sensor 
which Is not shown. In step 100, when it is judged that 
the indication portion of the tire 1 2 has reached the read- 
ing position at which the indication portion is read by the 

so indication reading device 26, the routine proceeds to 
step 102. In step 102, the indication portion of the tire 
12 is read by the indication reading device 26, Accord- 
ingly, the type of the tire 1 2 can be judged. Next, in step 
1 03, a reference image corresponding to the type of the 
tire 12 which was read in step 102 is fetched. A refer- 
ence image Is stored in advance for each type of tire. 
[0048] Next, in step 1 04, it is judged by an unillustrat- 
ed sensor whether the tire 12 is loaded at a predeter- 
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mined position of the rotation plate 28 at the top surface 
quality judging section 18. In step 104. when the tire 12 
has been judged to be loaded at a predetermined posi- 
tion of the rotation plate 28. the routine proceeds^ step 
106. where the top surface configuration judging routine 
is executed. 

[0049] With reference to Fig. 4. the top surface con- 
figuration judging routine is explained hereinafter. 
[0050] In step 202. the slit light 48 is ennitted from the 
light projecting device 42 of the configuration judging de- 
vice 10. The slit light 48 is thereby irradiated onto the 
bead portion 12A of the tire 12 which is loaded on the 
rotation plate 28 so that the slit image 38 is formed on 
the tire 1 2. In step 204, the slit image 38 which is formed 
on the tire 1 2 is photographed by the photographing de- 
vice 44. 

[0051] Next, in step 206, on the basis of the positional 
relationship between the angle at which the slit light 48 
was irradiated and the angle at which the slit Image 38 
was photographed by the photographing device 44, a 
two dimensional coordinate conversion is geometrically 
applied to the image data for the slit image 38 which has 
been photographed by the photographing device 44. 
Accordingly, the external configuration (cross sectional 
configuration) of the tire 12 along the line on which the 
slit light 48 was irradiated can be reproduced, (n the 
present embodiment, an image which is formed by ge- 
ometrically applying a two dimensional coordinate con- 
version to the Image data and which represents the ex- 
ternal configuration of the bead portion 12A of the tire 
12 is referred to as "an image to be judged". 
[0052] Next, in step 208. the image to be judged which 
was formed in step 206 and the reference image which 
was fetched in step 103 are compared to each other by 
overlapping one on the other, and it is thereby judged 
whether they correspond to each other. When these im- 
ages have been judged in step 208 to correspond to 
each other, in step 210, the bead portion 12A is judged 
to be normal. 

[0053] On the other hand, when the image to be 
judged and the reference image are judged to not cor- 
respond to each other in step 208. the routine proceeds 
to step 209. In step 209, it is judged whether the geo- 
metrical difference between the image to be judged and 
the reference image is within a predetermined toler- 
ance. The tolerance can be set in advance as desired 
in accordance with the conditions or the like of the tire. 
The smaller the tolerance, the better the accuracy for 
judging the quality of the lire 12. When the aforemen- 
tioned geometrical difference is judged to be within the 
tolerance in step 209, the bead portion 12A is judged to 
be normal in step 210. On the other hand, when the dif- 
ference is judged to exceed the tolerance in step 209, 
the bead portion 12A is judged to be abnormal in step 
212. 

[0054] In step 21 4. it is judged whether the judgment 
on the quality of the entire top su rface of the bead portion 
12A of the tire 12 has been completed. Namely, it is 



judged whether the external configuration of the entire 
surface of the top surface bead portion 12A of the tire 
12 has been detected and the quality judgment has 
been completed on the basis of the detected configura- 

s tion. This judgment in step 214 can be carried out by 
judging whether the number of pulse signals which are 
outputted from the pulse signal generating device 36, 
which is provided at the rotation plate 28 at the top sur- 
face judging section 18. corresponds to a predeter- 

10 mined number. In this step 214. when it is judged that 
the judgment on the quality of the top surface of the tire 
12 has not yet been completed, the routine proceeds to 
step 216. In step 216, the rotation plate 28 is rotated by 
a predetermined amount, and thereafter, the routine 

IS proceeds to step 202 where the aforementioned proc- 
esses are repeated. 

[0055] In step 214, when all of the judgments on the 
quality of the entire top surface of the bead portion 12A 
of the tire 12 have been judged to be completed, the 

20 routine proceeds to step 218. where a filtering process 
is executed. The filtering process may be a process in 
which all of the collected data is examined, and the tire 
12 is regarded as an abnormal tire only when there is a 
succession of abnormal portions in the same region on 

25 the top surface of the tire 12. Alternatively, the filtering 
process may be carried out by other methods. As a re- 
sult, the noise and the like produced by the light project- 
ing device 42 and the photographing device 44 can be 
eliminated from the collected data. Therefore, a normal 

30 tire can be prevented from being judged abnormal. 
[0056] After the filtering process, in the following step 
219. it is judged whether any abnormality has been 
found in the entire lop surface of the bead portion 12A 
of the tire 12. When it has been judged that there is at 

35 least one abnormality, the tire 12 is determined to be 
abnormal, and the routine proceeds to step 21 3. On the 
other hand, when the tire 1 2 is judged to be free of any 
abnormalities, the routine proceeds to step 220, where 
it is indicated that the tire 1 2 is nomnal. Moreover, in step 

^0 21 3, a marking process for applying a visual mark to the 
displayed image such as coloring, forming bold (thicker) 
lines, circling or pointing to by arrow is carried out to a 
region where the image to be judged and the reference 
image are different from each other, and the resulting 

45 processed images are displayed on a display or the like 
with a mesh having an engineering scale (for example, 
5 mm2) under the images. This Is helpful when an op- 
erator manually judges the quality of the tire 12 which 
has been classified as an abnormal tire. The process 

so wherein the tire is classified as abnormal will be de- 
scribed later. Namely, when the operator judges the 
quality of the tire 1 2 visually, since the region where the 
image to be judged and the reference image are differ- 
ent from each other has been marked, it becomes easier 

ss for the operator to see the degree of the difference. 
[0057] Thus, after the quality of the top surface of the 
tire 12 has been judged, this top surface configuration 
judging routine is completed, and the routine proceeds 



BNSOOCIO: <EP 091532eA2 I > 



6 



^^11 EP0 91 

to step 108 in the control routine wiiich is shown in Fig. 3. 
[0058] tn step 108 in the control routine, the tire 12 
which is conveyed along the predetermined conveying 
path Is held by the tire holding member 30 and Is tumed 
over 180*. 

Accordingly, the top surface and the rear suriace of the 
tire 1 2 are reversed. 

[0059] In the same manner as the aforementioned 
step 104, in step 110, it is judged whether the tire 12 is 
loaded on the loading surface of the rotation plate 28. 
In step 110, when it is judged that the tire 12 is loaded 
on the rotation plate 28. the routine proceeds to step 11 2 
where the rear surface configuration judging routine is 
executed. Namely, the extemal configuration of the 
bead portion 1 2A of the rear surface of the tire 1 2 Is de- 
tected, and the quality of the tire 12 is thereby judged. 
[0060] With reference to Fig. 5, the rear surface con- 
figuration judging routine will now be explained. Proc- 
esses identical to those in the above-described top sur- 
face configuration judging routine are denoted by the 
same reference numerals and description thereof will be 
omitted. 

[0061] In step 300, it is judged whether "the top sur- 
face" of the tire 1 2 which is loaded on the rotation plate 
28 at the rear surface quality judging section 22, i.e., the 
surface now facing downward, was judged to be normal 
in the above-described top surface quality judging sec- 
tion 18. This judgment can be carried out by, for exam- 
ple, providing a mark or the like whk:h is readable by a 
sensor (not shown) on the tire top surface in a case in 
which the quality of the top surface of the tire 12 has 
been judge to be normal In the top surface quality judg- 
ing section 16, and determining the presence of the 
mark by the sensor Or, the quality of the top surface of 
the tire 1 2 can be judged by outputting an electrical ON/ 
OFF signal. 

[0062] 1 n step 300, when it is confirmed that the quality 
of the top surface of the tire 1 2 has been judged to be 
normal at the top surface judging section 1 8, the routine 
proceeds to step 202. Namely, the rear surface config- 
uration judging routine is executed only when the quality 
of the top surface of the tire 1 2 has been judged to be 
nomial at the top surface quality judging sectbn 18. 
Steps 202 through 220 are identical to the above-de- 
scribed processes, and description thereof will be omit- 
ted. 

[0063] Then, when the judgment on the quality of the 
rear surface of the tire 12 at the rear surface judging 
section 22 has been completed, this rear surface con- 
figuration judging routine is finished, and the routine pro- 
ceeds to step 114 in the control routine which is shown 
in Fig. 3. 

[0064] Instep 114,thetire 12 is classified on the basis 
of the results of the judgment on the quality of the tire 
12 in the top surface configuration judging routine and 
the rear surface configuration judging routine. Namely, 
the tire 1 2 Is automatically classified as a normal tire or 
an abnormal tire. The tire 1 2 which is classified as a nor- 
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mal tire in step 11 4 is conveyed to the subsequent proc- 
ess (for example, a vehicle assembly process). On the 
other hand, the tire 12 which has been classified as an 
abnormal tire is examined again by an operator. At this 
s time, the operator judges the quality of the tire 1 2 while 
viewing the aforementioned geometrical images on the 
display. 

[0065] As described above, since judgment on the 
quality of the tire 1 2 is carried out mechanically with con- 

10 stant referral to the reference, there are fewer instances 
of undesirable variation In the results of judgment. Fur- 
ther, because the tire 12 is rotated and tumed over me- 
chanically, the amount of labor borne by the operator 
can be reduced. As a result, the quality of the tire 1 2 can 

IS be judged easily and accurately 

[0066] In the present embodiment, as an example, a 
case in which the quality of the tire 1 2 is judged on the 
basis of the external configurations of the bead portions 
12A of the tire 12 has been described. However, the 

20 present invention is not limited to the same. For exam- 
ple, the quality of the tire 12 can be judged by detecting 
the external configuration of the tread portion or the like 
of the tire 12. 

[0067] Further, in the present embodiment, a system 
2S has been described in whteh the top surface quality 
judging section 18 and the rear surface quality judging 
section 22 are both provided, such that the configuration 
of the top surface bead portion 12A and the configura- 
tion of the rear surface bead portion 1 2A are detected 
30 separately. However, the present invention is not limited 
to this system. For example, the present invention can 
be structured such that the configuration judging device 
1 0 is provided at each side along the conveying direction 
of the tire 1 2, such that the configurations of the top sur- 
35 face bead portion 1 2 A and the rear surface bead portion 
12A are detected at the same time. As a result, since it 
is not necessary to install the tire turn-over section 20, 
the tire classifying process system 1 4 can be made com- 
pact. 

40 [0068] As mentioned above, a marking process for 
applying a visual mark to the displayed Image such as 
cotoring, forming bold (thicker) lines, circling or pointing 
to by arrow is carried out to a region where the image 
to be judged and the reference image are different from 

45 each other. When such abnormal regions where these 
images are different from each other occur continuously, 
the mark may be more conspicuous. In contrast, If such 
regions are isolated, a less conspicuous mark may be 
applied. 

so [0069] In short, according to the present invention, 
since the judgment on the quality of the tire is carried 
out mechanically, the quality of the tire can be judged 
easily, accurately, and effectively. 

ss 

Claims 

1. A tire configuration judging device, comprising: 
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2. 



light irradiating means which irradiates siit light 
onto a predetermined range of a tire surface, 
whose configuration is to be delected, of a tire; 
photographing means which is disposed at a 
predetermined position corresponding to said 5 
light irradiating means and which photographs 
a slit image formed on the tire surface by irra- 
diation of the slit light by said light irradiating 
means; 

configuration detecting means which detects io 
the configuration of the tire surface whose con- 
figuration is to be detected, on the basis of the 
slit image which is photographed by said pho- 
tographing means; 

comparing means which compares the config- is 
uration which is detected by said configuration 
detecting means to a predetermined reference 
configuration; and 

judging means which judges the quality of the 
tire on the basis of the results of the comparison 20 
by said comparing means. 

A tire configuration judging device according to 
claim 1 , further comprising: 

2S 

indication reading means which judges the type 
of the tire by reading an indication formed on a 
sidewall portion of the tire, 
wherein the reference configuratbn is specified 
in accordance with the type of the tire which is 30 
read by said indication reading means. 



3. A tire configuration judging device according to 
claim 2, wherein said indication reading means in- 
cludes a bar code reading sensor. 35 



6. 



7. 



judged in said tire type judging step, and the 

quality of the tire surface is judged according to 

the results of the comparison: and 

a classifying step in which the tire is classified 

as a normal or abnormal tire on the basis of the 

results of the judgment in said quality judging 

step. 

A tire classifying method according to claim 5, 
wherein in said quality judging step, if both surfaces 
of the tire are to be examined, after the configuration 
of one of the surfaces of the tire has been detected, 
the configuration of the other is detected by turning 
over the tire, so that the quality of the tire is judged 
on the basis of the configurations of both surfaces 
of the tire. 

A tire classifying method according to claim 5, 
wherein in said quality judging step, the configura- 
tions of both surfaces of the tire are detected at the 
same time so that the quality of the tire is judged on 
the basis of the configurations of both surfaces of 
the tire. 



4. A tire configuration judging device according to 
claim 1 , further comprising: 

rotation means which rotates, in a circumfer- 
ential direction of the tire, said light irradiating 40 
means, said photographing means, and the tire rel- 
ative to one another, such that the entire tire surface 
whose configuration is to be detected can be irradi- 
ated by said light irradiating means and photo- 
graphed by said photographing means, to thereby 4S 
obtain the configuration of the entire tire surface. 



5. A lire classifying method, comprising; 



a tire type judging step in which a type of a tire so 
is judged; 

a quality judging step in which a tire surface 
whose configuration is to be detected is exam- 
ined along a circumferential direction of the tire 
to detect the configuration of the tire surface, ss 
the detected configuration is compared to a 
predetermined reference configuration corre- 
sponding to the type of the tire which has been 
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